Introduction
Kidney cancers account for approximately 2% of all cancers and more than 200,000 new cases of kidney cancer are diagnosed in the world each year. 1 The most common form of kidney cancer in adults is renal cell carcinoma (RCC) of which the majority (>75%) is classified as clear cell (conventional). 2 Though familial RCC accounts for only about 3% of all cases, the investigation of rare familial cases of kidney cancer has provided important insights into the pathogenesis of sporadic RCC. In particular, the finding that germline mutation of the VHL gene caused a syndromic form of inherited RCC and that somatic inactivation of VHL occurred in most sporadic clear cell RCC. [3] [4] [5] [6] [7] VHL inactivation leads to stabilization of hypoxia-inducible transcription factors HIF-1 and HIF-2 and activation of a wide repertoire of hypoxic response genes (reviewed in refs. 8 and 9). HIF-mediated RCC growth may be antagonized by multi-tyrosine kinase inhibitors, which are now widely used in the treatment of metastatic kidney cancer. 10 Hence, elucidation of the genetic mechanisms of tumorigenesis in RCC has provided a basis for novel therapeutic interventions. Though additional genes such as MET, FLCN, FH and SDHB have been shown to cause inherited RCC, their contribution to the pathogenesis of sporadic RCC is limited 11 In order to identify novel candidate tumor suppressor genes (TsGs) implicated in renal cell carcinoma (Rcc), we performed genome-wide methylation profiling of Rcc using the humanMethylation27 Beadchips to assess methylation at >14,000 genes. Two hundred and twenty hypermethylated probes representing 205 loci/genes were identified in genomic cpG islands. a subset of TsGs investigated in detail exhibited frequent tumor methylation, promoter methylation associated transcriptional silencing and reactivation after demethylation in Rcc cell lines and downregulation of expression in tumor tissue (e.g., sLc34a2 specifically methylated in 63% of Rcc, OVOL1 in 40%, DLEc1 in 20%, TMpRss2 in 26%, ssT in 31% and BMp4 in 35%). as OVOL1, a putative regulator of c-Myc transcription, and ssT (somatostatin) had not previously been linked to cancer and Rcc, respectively, we (1) investigated their potential relevance to tumor growth by RNai knockdown and found significantly increased anchorage-independent growth and (2) demonstrated that OVOL1 knockdown increased c-Myc mRNa levels.
probes were selected on the basis of methylation data and functional annotation (see Methods section) (Fig. S3) . Probes that represented imprinted or X chromosome encoded genes (to avoid confusion related to gender and/or chromosomal loss/gain) or for which one or more normal samples demonstrated a β value >0.25 were removed from both analysis strategies.
For the "methylation only" selection, 43 probes demonstrated β-values ≥0.5 representing 42 genes and 48 probes demonstrated β-difference values ≥0.4 representing 44 genes in 7 or more tumor samples. This produced a combined high stringency list containing 60 probes representing 55 genes (31 genes selected by both criteria) ( Table 1, Figs. S4 and S5) . The three most frequently methylated genes (FOXL1-36.8%, SLC34A2-34.2% and TM6SF1-34.2%) and the five genes for which 2 probes satisfied the "methylation only" selection criteria (COL1A2, OVOL1, SOCS2, TNFRSF10C and ZNF154) were selected for further methylation analysis. The concurrence of hypermethylation between the two probes for each of these five genes was good, with the more heavily methylated probe being positive in 92% (33/36) of the tumors when the less methylated probe was positive (Fig. S6) . The distance between probes did not produce any obvious differences (Fig. S6) . Additionally, two other genes were chosen as cancer related candidate genes, DLEC1, a tumor suppressor gene known to be methylated in kidney cancer, and, TMPRSS2, which is known to form a gene fusion in prostate cancer. To investigate whether the selection had enriched for genes likely to be methylated, the selection was compared with the PubMeth data (www.pubmeth.org). This demonstrated that 16.4% (9/55) of genes were methylated in at least one other cancer type and that one gene (GSTP1) was known to be methylated in kidney ( Table S1) .
Methylation of three of 18 "methylation only" selected genes (with methylation frequencies >25%) was associated with significantly poorer survival by Kaplan-Meier analysis [C1ORF104 (log rank analysis χ 2 = 5.41 p = 0.02), ICAM4 (χ 2 = 3.91 p = 0.048), TM6SF1 (χ 2 = 4.1 p = 0.044)]. However, an analysis of an independent, publicly available methylome data set from the Cancer Genome Atlas for survival and methylation of C1ORF104, ICAM4 and TM6SF1 did not provide statistically significant differences though there was a trend for poorer survival in patients with C1ORF104 or TM6SF1 tumor methylation (χ 2 = 4.1 p = 0.044).
For the "combined analysis" selection strategy, 179 probes demonstrated β-values ≥0.4 representing 166 genes and 178 probes demonstrated β-difference values ≥0.3 representing 164 genes in 7 or more tumor samples producing a total of 220 probes representing 205 genes (125 genes were selected by both criteria) (Table S2 and Fig. S5 ). Functional analysis of this selection using the DAVID bioinformatics resource (david.niaid.nih. gov) demonstrated an enrichment of genes involved functions related to carcinogenesis: cell-cell signaling (17 genes), regulation of cell proliferation (17 genes), regulation of cell death (16 genes), cell-cell adhesions (15 genes), angiogenesis/blood vessel development (9 genes), EGF genes (5 genes), tumor suppressor (5 genes) and cadherins (3 genes) (Table S3-Genes present in the "methylation only" selection are underlined). Ingenuity ® genomic approach (changes in gene expression are detected following global demethylation of cancer cell line genomes) to identify candidate methylated genes. Though successful, this strategy was limited by the large number of candidate genes that were not found to be methylated (and for which changes in expression were presumably secondary to gene regulatory changes induced by reactivation of TSGs that did exhibit promoter methylation) or were found to be methylated in normal tissue. [19] [20] [21] [22] Further technological advances provided strategies such as MeDIP, which can be utilized to assay methylation status in cancer tissues, and resulted in the identification of additional epigenetically inactivated RCC TSGs. 23 A further recent development has been the use of the Illumina BeadArray technology to directly assay methylated CpG status in normal and cancer tissues. In order to identify candidate novel renal TSGs and potential methylated biomarkers, we performed the CpG methylation status analysis of RCC for ~27,500 CpGs and >14,000 genes using the Illumina Infinium HumanMethylation27 BeadChip Array.
Results
Illumina Infinium HumanMethylation27 array data was obtained from all 38 sporadic renal cell carcinomas (27 male and 11 female) and 9 age-matched normal kidney controls (6 male and 3 female).
An experimental replicate demonstrated high repeatability between HumanMethylation27 arrays with a correlation coefficient of R 2 = 0.9955 (Fig. S1A) . Comparison of overall DNA methylation between normal kidney samples demonstrated little variance, with high correlation co-efficient values (R 2 ) for male normal kidney (n = 6) ranging from R 2 = 0.9462 to 0.9880 and for female normal kidney (n = 3) ranging from R 2 = 0.9746 to 0.9829 (Examples Fig. S1B and C) . Comparison of overall DNA methylation between normal kidney samples irrelevant of gender ranging from R 2 = 0.9136 to 0.9880. Comparisons between the average β-values of the normal kidneys and the kidney tumors (in a gender specific manner) demonstrated a range of variance with several tumors having high degrees of aberrant methylation (Examples Fig. S1D-F) . Both aberrant hypermethylation and hypomethylation was observed. This demonstrates that aberrant methylation is an important feature of some, but not all tumors and is not a generalized by product of tumorigenesis.
In all 9 normal kidney samples, 8,336 probes were methylated (β values ≥ 0. 25) , and in at least 1 of the 9 normal samples 10,845 probes were methylated. 171 probes (168 genes) were methylated in all three normal kidney samples from patients aged >60 y but not in two normal kidney samples from patients aged <45 y and 46 probes (43 genes) were methylated in both normal kidney samples from patients aged <45 y but were unmethylated in normal kidney samples from patients aged >60 y (Fig. S2) .
Identification of hypermethylated CpG loci. Selection was performed on the genes/probes by two differing methods: a "methylation only" method, from which the most highly methylated genes/probes or genes with multiple positive probes were selected, or a "combined analysis" method from which genes/ investigation. Evaluation of the other genes identified by the MeDIP study demonstrated varied levels of methylation. This variability between the two investigational approaches is likely to reflect differences between the positioning of the probes in the Infinium array and those used for the MeDIP studies (though variability between tumor sample sets cannot be excluded) (Fig.  S8 ). Cluster analysis of the "methylation only" hypermethylated probes. Euclidean hierarchical clustering was performed on the 60 selected "methylation only" probes for the 38 sporadic RCC tumor samples. This clustered the samples into 5 specific groups: a highly methylated/CpG Island Methylator Phenotype (CIMP) group, 2 medium methylated groups separated by the probes that were methylated, a low methylation group and a group containing a methylation signature similar to the normal kidney samples (Fig. 2) . Using the average "methylation only" probe β-values, the groups were all shown to have statistically different levels of methylation, apart from the two medium methylation groups and the normal-like methylation group and the actual normal kidney samples ( Fig. S9 and Table S5 ). There was no statistical association between VHL mutation status (present in 55.2% of tumors, Table S5 ) and level of methylation or cluster group.
Methylation analysis of selected renal cell carcinoma hypermethylation genes. Twelve selected genes (FOXL1, SLC34A2, TM6SF1, COL1A2, OVOL1, SOCS2, TNFRSF10C, ZNF154, DLEC1, TMPRSS2, SST and BMP4) were initially analyzed by CoBRA to confirm the absence and presence of methylation in normal and malignant samples respectively. In addition, RT-PCR was performed to document re-expression (or increased expression) in RCC cell lines after 5-Aza-2'-deoxycytidine treatment. When relevant, further analysis was performed by CoBRA to demonstrate whether specific or increased methylation was present in 19 tumor/associated normal DNA pairs and by RT-PCR to demonstrate loss or depletion of gene mRNA in 15 tumor/associated normal mRNA pairs.
Systems Pathway Analysis (www.ingenuity.com) highlighted enrichment of the TGFβ signaling pathway (5 genes) and the Somatostatin anti-apoptosis pathway (3 genes-SST, GNB4 and GUCY2D) ( Table S3 and Fig. 4A ). Three genes, BMP4, SST and CDKN2B, were identified by both enrichment analyses. BMP4 and SST were selected for further methylation analysis as the third gene, CDKN2B, was previously known to be methylated in kidney cancer.
18
Confirmation of probe methylation by bisulphite sequencing and CoBRA. Before further analysis was performed, three hypermethylated genes (DLEC1, OVOL1 and SOCS2) were selected for bisulphite sequencing to confirm the predicted β-values and demonstrate how representative the probes values were for CpG island methylation level. DLEC1 was previously reported to be methylated in RCC 26 and OVOL1 and SOCS2 both had two selected Infinium probes in their respective CpG islands. Examples of tumors with either high or low β-values were selected for each gene and the bisulphite sequencing demonstrated that β-values >0.5 generally indicated highly methylation at the probe position and wider CpG island methylation, while low β-values showed little or no methylation (Fig. 1) . Furthermore, CoBRA analysis was performed on selected tumors and normal kidney samples for DLEC1, OVOL1 and SOCS2. For these genes, promoter methylation was detected by CoBRA for high β-values and no methylation was present in the normal kidney samples (examples in Fig. S7A) . A gene in the methylation only selection, FBN2, had been recently shown by our group to be methylated in kidney cancer by MeDIP assessment. 22 Comparison of the CoBRA results using the primers from that paper and the primers based around the Infinium probe demonstrated good correlation between the two primer sets and the Infinium probe β-value (examples in Fig. S7B) . No methylation was seen in the normal kidney samples for either primer set. In combination, these results were consistent with the validity of the β-values, provided evidence for accepting the assumption that the single probed CpG was representative of the CpG island and validated the use of CoBRA for further variants of COL1A2 and DLEC1 occur in a variety of cancers (Table S4) . Anchorage-independent growth assays and real-time RT-PCR analysis. To investigate the functional impact of loss of OVOL1 and SST, anchorage-independent soft agar growth assays were performed after siRNA knockdown of the relevant genes in 293 embryonic kidney cells. SST was chosen due to its known function in an anti-apoptosis pathway (Fig. 4A) and OVOL1 was chosen due to its candidate function as a repressor of c-Myc (Fig. 5B) . DLEC1 was also analyzed as a known gene methylated in kidney for which re-expression in RCC cell lines have been shown to inhibit clonogenicity, but knockdown has yet to be shown to enhance anchorage-independent growth. 27 A statistically significant enhancement of anchorage-independent growth was observed for all three genes (OVOL1 p = 0.0003, DLEC1 p = 0.0004 and SST p = 0.0145) with OVOL1 demonstrating the greatest effect (Fig. 5A) .
RT-PCRs demonstrated an effective knockdown for all three genes at the mRNA level (data not shown). OVOL1 negatively regulates the expression of c-Myc and c-Myb (Fig. 5B) by directly binding to its promoter. 28 As OVOL1 knockdown resulted in the greatest anchorage-independent growth advan- Figs. 3C, 4D and S10) .
All selected genes were also investigated for known mutations within the catalog of somatic mutations in cancer (COSMIC) database (www.sanger.ac.uk/genetics/CGP/cosmic). Only one reported variant in kidney cancer was identified, a silent mutation in SLC34A2, but a significant number of Euclidean hierarchical clustering for the selected "methylation only" probes. Euclidean hierarchical clustering for the 60 selected "methylation only" probes was performed using cluster 3.0 (bonsai.hgc.jp/~mdehoon/software/cluster) and visualized using Java TreeView (jtreeview.sourceforge.net). Tumor samples were labeled for the presence of VHL mutation or VHL methylation (assessed using the Infinium humanMethylation27 array probes).
that in the majority of these cases the finding of frequent tumorspecific methylation is correct and that CpG promoter methylation would be associated with transcriptional silencing. Given that in a recent literature review we found reports of only 43 genes that were methylated in >20% of RCC, the current study significantly expands the catalog of methylated RCC genes that can be investigated for application as potential biomarkers for the detection, diagnosis, prognostication and therapy of RCC. 18 It was noticeable that the number of genes methylated in individual tumors was extremely variable with some tumors showing large numbers of methylated genes and others with β values similar to that of normal kidney. Previously we found evidence of a "CpG island methylator phenotype" (CIMP + ) in a subset of RCC from patients with VHL disease and sporadic RCC without VHL mutations. 25 Thus, our latest findings are consistent with this and also with those of Dulaimi et al. 32 who reported that a subset of RCC (~3%) were methylated for at least five out of the ten genes studied. In sporadic colorectal cancer the CIMP + tumors are preferentially associated with the presence of a BRAF mutation and microsatellite instability (from MLH1 promoter methylation). 33 However, we did not find any evidence of an association between VHL mutations and methylation phenotype, which is in agreement with our previous observation that CIMP + tumors were not specific to either VHL disease linked RCC or VHL-wild type sporadic RCC. 25 Epigenetic therapies (e.g., decitabine, the clinical form of the demethylating agent 5-aza-2'-deoxycytidine) have been investigated in several clinical trials for neoplasia and promising responses have been reported in hematological malignancies. 34 Hence, it would be interesting to see whether the extent of tumor promoter region methylation in individual RCC might predict response to epigenetic therapies. demonstrated a 1.78-fold increase in MYC expression compared with the Silencer ® Negative Control #1 siRNA total mRNA (Fig. 5C) .
Discussion
Previously others and we have used the Illumina Goldengate methylation BeadArray assay (which interrogates the methylation status of 1505 specific CpG sites in 807 genes) to identify methylated TSGs in RCC. 25 However, to our knowledge, this is the first application of the much more comprehensive Illumina Infinium HumanMethylation27 BeadChip Array (~27,500 CpGs and >14,000 genes) in RCC. Furthermore recent reports of the use of this platform in other cancer types such as colorectal, 29 breast, 24 ovary, 30 and head and neck 31 cancers are consistent with our findings that the methodology is accurate and that it enables high-throughput methylation analysis. Nevertheless, our findings illustrate that, though the direct assay of CpG methylation facilitates the identification of epigenetically inactivated TSGs, the strategy is not entirely specific, as some genes with apparent tumor-specific methylation are not confirmed on further analysis. In part this relates to the limitations of the assay used. Not all CpGs are analyzed and there is no information on the functional effect of the detected methylation on gene transcription. In order to ameliorate these concerns we used a twin strategy to prioritize candidate genes that was intended to give highest priority to genes with evidence of the most intense tumor specific methylation and, among those with lesser degrees of methylation, take into account their functional relevance to cancer. In total we identified 205 candidate methylated TSGs by our highthroughput analysis. Further testing of a subset of these suggests Table 2 . Methylation analysis of selected renal cell carcinoma hypermethylation genes 
Materials and Methods
Patient DNA samples and cell line DNA/total RNA. DNA was extracted from 38 sporadic renal cell carcinomas as described previously in reference 22. Samples were selected to contain the most amount of tumor but were not micro-dissected. Corresponding normal kidney DNA was extracted for 19 patients and matched RCC and normal tissue mRNA was extracted for 15 cases. For control studies, normal kidney DNA was extracted from 9 control kidney samples extracted during non-cancer related surgeries upon the kidney. All participants gave informed written consent for research studies. The study was conducted according to the principles expressed in the Declaration of Helsinki and was approved by the relevant Institutional Review Board/Ethics committees.
RNA (with and without 5-Aza-2'-deoxycytidine treatment) and DNA were extracted from 15 RCC cell lines (769-P, 786-O, A498, ACHN, Caki-1, Caki-2, CAL54, RCC4, RCC11, RCC12, RCC48, SKRC18, SKRC39, SKRC45, SKRC47) and DNA from a further 7 (RCC6, KTCL26, KTCL140, RCC1, SKRC54, UMRC2, UMRC3). The Human Embryonic Kidney (HEK293) cell line was used for Anchorage-independent growth assay and was grown under standard tissue culture conditions (as described previously in ref. 22) .
Infinium array. Tumor DNA (n = 39; a single tumor sample was run twice as a test for reproducibility) and the normal kidney DNA (n = 9) from non-cancerous kidneys were assayed using the Illumina Infinium HumanMethylation27 BeadChips (Illumina). The BeadChip contains probes for 27,578 CpG sites covering over 14,000 human RefSeq genes. Bisulphite modification of DNA, chip-processing and data acquisition was performed following the manufacturer's manual by the Wellcome Trust Centre for Human Genetics Genomics Lab. Initial array results were run through the BeadStudio software to generate β-values ranging for 0 (designating no methylation) to 1 (designating complete methylation) (Illumina).
Candidate gene selection. Selection was performed using two approaches: first, a "methylation only" method in which the most highly methylated genes/probes or genes with multiple positive probes were selected. Second, a "combined analysis" in which methylation and functional information were combined. In addition to using the background normalized average β-values, β-difference values were calculated for each probe for each tumor sample by subtracting the mean normal β-value for that probe.
For both selection strategies, first all the probes for which any of the 9 normal samples demonstrated a β-value ≥0.25 were removed. For the "methylation only" selection, background normalized average β-values were considered hypermethylated if the β-value was ≥0.5 or the β-difference value (between sample β value and mean normal β value) was ≥0.4 in 7 or more tumor samples. 24 For the "combined analysis" selection process, background normalized average β-values were considered hypermethylated if the β-value was ≥0.4 or the β-difference value was ≥0.3 in 7 or more tumor samples and then the selected genes were analyzed using the Database for Annotation, Visualization and Integrated Discovery (DAVID) (david.abcc.ncifcrf.gov) and Methylation profiling might also inform targeted therapeutic strategies by identifying RCC in which specific signaling pathways were aberrant. We investigated whether epigenetic inactivation of DLEC1, OVOL1 and SST was likely to influence growth of renal cancer cells and observed that knockdown of each of these genes was associated with enhanced anchorage-independent cell growth. DLEC1 encodes a cytoplasmic protein without any significant homology to known proteins and the mechanism of tumor suppression has not been delineated. 35 To our knowledge, somatostatin (SST) has not previously been reported to be inactivated in RCC. However, frequent epigenetic inactivation of the promoter region methylation has been described in colorectal, esophageal, cervical and gastric cancers. [36] [37] [38] [39] Somatostatin analogs (e.g., octreotide and lanreotide) have been reported to have anti-proliferative effects and clinical benefit in neuroendocrine tumors 40 and it is interesting to speculate that somatostatin analogs might also prove to be beneficial in non-neuroendocrine tumors with SST silencing.
OVOL1, a human homolog of the Drosophila ovo gene, has not previously been implicated in a human cancer. Ovol1 knockout mice are small and display hypogenitalism, abnormal hair formation and renal developmental abnormalities.
41 OVOL1 encodes a zinc-finger protein transcription factor and is a downstream target of the TGFβ/BMP7-Smad4 signaling pathway. 42 In addition, it has been reported that cutaneous suprabasal cells from Ovol1-deficient mice demonstrate increased c-myc activity and that Ovol1 represses c-myc transcription by directly binding to its promoter. 28 Consistent with these observations, we demonstrated that in human kidney cells siRNA knockdown of OVOL1 increased c-Myc transcript levels. Furthermore, of the three genes tested, siRNA knockdown of OVOL1 was associated with the most significant effect on cell growth. Multiple lines of evidence indicate that c-Myc has a critical role in the pathogenesis of RCC and c-Myc expression may be dysregulated by a variety of mechanisms. Thus copy number analysis of RCC demonstrates c-Myc as the most likely driver for chromosome 8q amplification in RCC 43 and that c-Myc pathway is frequently activated in RCC. 44 However, c-Myc pathway activation might result from a variety of mechanisms, including genomic amplification, HIF-2 overexpression secondary to VHL inactivation (though HIF-1 expression downregulates c-Myc), [45] [46] [47] and epigenetic silencing of OVOL1. These findings highlight how potential c-Myc based therapeutic approaches might be targeted in RCC.
In summary, the simultaneous methylation profiling of >27,000 CpGs and >14,000 genes has demonstrated both the utility of this approach to identify novel insights into the pathogenesis of RCC and also some of the limitations of this approach. Nevertheless, recent technological advances have resulted in higher-density methylation assays becoming available and it is likely that these, in combination with exome/genome sequencing and gene expression analyses, will facilitate the identification of further genes implicated in the pathogenesis of RCC such that the challenge will no longer be to elucidate the molecular pathology of RCC but to understand how comprehensive knowledge of RCC genomics can be best translated into new diagnostic and therapeutic advances. (as described in ref. 22) or total RNA from kidney tumor and its associated normal kidney.
All cell lines were maintained in DMEM (Sigma-Aldrich) supplemented with 2 mM glutamine and 10% FCS at 37°C, 5% the Ingenuity ® Systems Pathway Analysis Software (www.ingenuity. com) to identify those genes implicated in cancer-related pathways.
Promoter methylation analysis of selected candidate genes. Previously we have validated the Illumina BeadArray GoldenGate CpG methylation assay in familial RCC samples. 25 In this study further validation was undertaken using combined bisulphite restriction analysis (CoBRA) to assess the methylation status of selected genes in cell line DNA, normal kidney DNA, tumor DNA and associated normal kidney DNA where appropriate. All DNA was modified using an EpiTect kit (Qiagen) according to manufacturers' instructions. CoBRA PCR primers were designed around the probed CpG (or CpGs) for each gene and all were initially designed to be semi-nested and altered to fully-nested if required. Both rounds of PCR were touchdowns with five cycles lowered 1°C per cycle down to a gene specific final annealing temperature for a further 35 cycles, 5 μl of primary product was added to the secondary PCR. PCR products were digested with BstUI (Fermentas UK) overnight at 37°C prior to visualization on a 2% agarose gel.
For particular genes, several tumor samples with varied β-values were cloned and sequenced to validate the array and confirm CoBRA results. PCR products were cloned into the pGEM-T easy vector (Promega) according to manufacturers' instructions. Up to 15 colonies were picked per sample and sequenced following single-colony PCR using T7 and SP6 primers sites present within the pGEM-T easy vector. Methylation indexes were calculated as a percentage of the number of methylated CpGs out of the total CpGs sequenced. mRNA expression analysis of selected candidate genes. Expression analysis was performed for selected genes by comparing either total RNA from 15 renal cell carcinoma cell lines both with and without 5-Aza-2'-deoxycytidine treatment RNA from the OVOL1 knockdown was assessed by real-time RT-PCR for increased expression of the mRNA for the oncogenic MYC gene. One microliter of the OVOL1 Silencer ® Select siRNA knockdown cDNA or the Silencer ® Negative Control #1 siRNA cDNA was used for PCR amplification in an ABI 7000 real-time PCR system (Applied Biosystems) as recommended by the manufacturer. The MYC (Hs00905030_m1) Taqman ® Gene Expression Assay (Applied Biosystems) primers and fluorogenic probe were used and normalized using the ACTB (Hs99999903_m1) Taqman ® Gene Expression Assay (Applied Biosystems) as an internal control. Samples were run in triplicate and CT values obtained were compared by the Delta CT method. Results are expressed as an average fold-change compared the Silencer ® Negative Control #1 siRNA cDNA. Cluster analysis and statistical analysis. Cluster analysis was performed using Cluster 3.0 (bonsai.hgc.jp/~mdehoon/software/ cluster) and visualized using Java TreeView (jtreeview.sourceforge.net). Statistical analysis was performed as indicated using MedCalc (www.medcalc.org) with a significance level of 5%.
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Supplemental materials may be found here: www.landesbioscience.com/journals/epigenetics/article/19103 CO 2 . The cell lines were demethylated by daily treatments of fresh media with 5 μM 5-Aza-2'-deoxycytidine (Sigma-Aldrich) over 5 d. The frozen tumor and associated normal samples were ground under liquid nitrogen into a fine powder. Total RNA was isolated from both using RNA-Bee reagent following the manufacturer's instructions (AMS Biotechnology), followed by purification using RNeasy Mini-columns (Qiagen). One microgram total RNA was converted to cDNA using Superscript III (Invitrogen) and random hexamer primers (Fermentas UK). The kidney tumor cDNAs were converted from 1.5 μg of total RNA.
RT-PCR primers were designed for each gene such that the primers were always positioned in different exons and had a 56°C annealing temperature. RT-PCRs were performed using a touchdown PCR program with five cycles lowered 1°C per cycle down from 61°C to 57°C followed by a further 35 cycles with a final annealing temperature of 56°C. Primer details are available on request.
Anchorage-independent growth assays and real-time RT-PCR analysis. Silencer ® Select siRNAs against OVOL1 (s9938), SST (s13494) and DLEC1 (s19295) or Silencer ® Negative Control #1 siRNA (Ambion) was transfected into HEK293 cells using Interferin reagent (Polyplus) following the manufacturer's instructions. After 24 h incubation, cells were seeded into 2 ml DMEM in 10% FCS and 3% agar. Cells were maintained by addition of 200 μl of DMEM in 10% FCS weekly. After 3 weeks of growth, a final count of colonies was performed. Cells not seeded into agar were incubated for a further 24 h before efficiency of knockdown was assessed by RT-PCR using previous conditions. Additionally, the total
